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Methods
Matrix isolation studies. For all matrix isolation studies a Sumitomo cryostat system consisting of an F-70 compressor unit and an RDK 408D2 closed-cycle refrigerator was used. The vacuum shroud surrounding the coldhead was outfitted with polished KBr windows for IR and BaF2 windows for UV/Vis measurements, whereas the coldhead was equipped with a CsI window for IR and a BaF2 window for UV/Vis measurements, respectively. Spectra were recorded with a Bruker Vertex 70 FT IR spectrometer (4500 -400 cm -1 , resolution 0.7 cm -1 ), while UV/Vis spectra were recorded with a JASCO V-670 spectrophotometer. For a single measurement, a total of 50 scans was accumulated. The temperature of the cold window was measured with a Si-diode connected to a Lakeshore 336 temperature controller. For the combination of high-vacuum flash pyrolysis with matrix isolation, we employed a small, home-built, water-cooled oven, which was directly connected to the vacuum shroud of the cryostat. The pyrolysis zone consisted of an empty quartz tube with an inner diameter of 8 mm, which was resistively heated over a length of 50 mm by a coaxial wire. The temperature was monitored with a NiCr-Ni thermocouple. In a typical pyrolysis experiment ethyl 2-cyano-2-oxoacetate 10 was evaporated from a pre-cooled (-45 °C) storage vessel connected directly with the quartz pyrolysis tube at temperatures of 900 °C. The matrix gas argon was added via a separate jet in very high excess to achieve the desired spatial separation of pyrolysis product in the thus formed argon matrix. An exact dopant/argon ratio cannot be given using this procedure, but the dopant/argon ratio is estimated to be ca. 1:500. The gas flow was regulated by a Pfeiffer EVN 116 gas dosing valve with separate shut-off. For all experiments we used Ar of 99.999% purity. Narrow-band NIR irradiation was performed with an optical parametric oscillator (GWU OPO versaScan 280 MB, pump laser: Spectra-Physics Quanta Ray Nd:YAG LAB-170-10, 355 nm, line width 4 cm -1 ). Irradiation with green light (520 nm) was performed with a commercially available LED.
Computations. All coupled cluster computations were carried out with the CFOUR program package. In general, the all electron coupled cluster level of theory [1] [2] [3] [4] including single, double, and perturbatively included triple excitations [AE-CCSD(T)] utilizing the Dunning correlation consistent split valence basis set cc-pCVQZ 5 was employed for geometry optimisations and frequency computations. For all B3LYP [6] [7] [8] [9] and MP2 10 computations we used the Gaussian16 program package. Intrinsic reaction paths were mapped using the Hessian based predictor-corrector integrator 11, 12 and projected frequencies were computed along the path. WKB tunnelling computations were carried out with Wolfram Mathematica 10.3, 13 CVT/SCT and CVT/ZCT computations with POLYRATE 2017 14, 15 using Gaussrate 17-B as interface between Gaussian16 and POLYRATE. Instanton 16 computations were performed with DL-FIND included in ChemShell.
Synthesis.
Scheme S1: Synthesis of pyrolysis precursor ethyl 2-cyano-2-oxoacetate 10.
1,2-Diethyl-1,2-dicyanofumarate (24):
Compound 24 was synthesized according to procedure by Ireland et al. 19 : 10.6 g (10 mL, 9.37 mmol) ethyl cyanoacetate, 19.7 g (12,0 mL, 165.0 mmol) SOCl2, 10 mL THF. Product 24 was obtained as colourless crystals: Yield: 4.40 g (19.8 mmol, 42%). 1 H NMR (400 MHz, CDCl3): 4.48 (q, J = 7.2 Hz, 4H), 1.43 (t, J = 7.1 Hz, 5H) ppm. 13 C NMR (101 MHz, CDCl3): 157.7, 126.1, 111.4, 65.3, 13.9 ppm. Spectroscopic data in accordance to the literature. 20 
1,2-Diethoxycarbonyl-1,2-dicyanoethylene oxide (25):
Compound 25 was synthesized according to procedure by Linn et al. 21 : 3.03 g (13.6 mmol) 24, 2.72 ml (26.6 mmol) 30% hydrogen peroxide, 3 drops pyridine, 15 In a round-bottom flask equipped with an inverse Dean-Stark-Trap a mixture of 4.38 g (50.0 mmol) cyanoacetic acid 22, 11.8 g (15.0 mL, 257 mmol) EtOD-d5 and 0.045 g (0.082 mL, 0.454 mmol) conc. H2SO4 in 190 ml of CH2Cl2 was refluxed over night. The mixture was washed with 100 ml of 8 wt.% sodium bicarbonate-solution, the aqueous phase was extracted three times, each with 100 ml CH2Cl2 and dried over Na2SO4. All-deutero-1,2-Diethoxycarbonyl-1,2-dicyanoethylene Oxide (25'):
To a solution of 0.750 g (3.23 mmol) 24' in THF 0.673 ml (6.59 mmol) 30% hydrogen peroxide followed by a droplet of pyridine were added. The mixture was stirred for 5 minutes and immediately put onto a vigorously stirred water-ice mixture. The separated oil crystallized upon repeated stirring and scratching. The solid residue was filtered, dissolved in boiling diethylether and the product was precipitated by addition of n-pentane. All-deutero-Ethyl 2-cyano-2-oxoacetate (10'):
In a 2-neck flask equipped with a Vigreux column and a dropping funnel 0.240 g (0.968 mmol) 25' were dissolved in 0.5 mL diethylphthalate under Schlenk conditions. The pressure was reduced to 0.5 mbar while heating to 50°C. 0.230 g (0.200 mL, 0.998
• mmol) diheptyl sulfide was added dropwise over 20 minutes. After completion the mixture was heated to 70 °C for 3 hours. The product was collected as a white solid in the receiver cooled with liquid nitrogen. After warming the receiver to r.t. under N2-atmosphere the product 10' was obtained as a yellow-greenish liquid. Yield: 0.038 g (0.288 mmol, 60% NMR spectra were recorded on Bruker AV400 and AV600 spectrometers at 298 K. Chemical shifts (δ) are given in ppm relative to tetramethylsilane (TMS, δ = 0.00 ppm) as the internal standard or to the respective solvent residual peaks (CDCl3: δ = 7.26 and 77.16 ppm; CD2Cl2: δ = 5.33 and 54.24 ppm). High resolution mass spectrometry was performed with a Bruker MicrOTOF (positive mode ESI-MS). ATR-IR spectra were recorded on a Bruker Alpha spectrometer (4000 -400 cm -1 ).
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Infrared Spectra
Figure S16: IR-spectrum recorded after 4 h pyrolysis of 10 at 900 °C and subsequent matrix isolation of the pyrolysis products in solid Ar.
Figure S17: IR-spectrum in the range of 4000 -2700 cm -1 recorded after 4 h pyrolysis of 10 at 900 °C and subsequent matrix isolation of the pyrolysis products in solid Ar.
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Figure S18: IR-spectrum in the range of 2500 -1850 cm -1 recorded after 4 h pyrolysis of 10 at 900 °C and subsequent matrix isolation of the pyrolysis products in solid Ar. 
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UV/Vis Spectrum Figure S30 : Experimental UV/Vis difference spectra between the spectra recorded after 18 min 520 nm irradiation and the spectrum recorded after 5 h pyrolysis of 2-cyano-2-oxo-acetic acid ethyl ester (10) at 900 °C. In this artificial spectra the signal of trans-cyanohydroxycarbene (7t) is pointing upwards although it is completely depleted after irradiation and the signal of cyano-and isocyanoformaldehyde 8 and 9 are pointing downwards although they increased after irradiation of the matrix. The TD-spectrum in the upper right corner was computed at B3LYP/6-311++G(2d,2p) level of theory. 
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Tunnelling Kinetic Analysis
Tunnelling kinetics of matrix-isolated cyanohydroxycarbene 7t was evaluated by recording infrared spectra in regular intervals (8 h or one spectrum per day) for a period of 47 days. For the determination of the tunnelling half-life only the absorbance A of the strongest IR-signal, appearing at 1287.9 cm -1 , as depicted in Figure 3 , was evaluated after a first order kinetic model. After a direct exponential fit the rate constant k1 and corresponding tunnelling half-life τ was observed.
All nonlinear fits were determined using the ExpDec1 model implemented in OriginPro 2017 9.4.0 (OriginLab Corporation, 2016; http://www.originlab.com). 
WKB Tunnelling Computations
For the estimation of the tunnelling rate, we mapped out the intrinsic reaction path starting from TS1 at MP2/cc-pVTZ level of theory. In order to do so, we employed the Hessian-based predictor-corrector integrator as implemented in the Gaussian09 electronic structure package. Zero-point vibrational corrections for all modes orthogonal to the reaction path were added to the reaction profile. Tunnelling probabilities were calculated by numerically integrating the barrier penetration integral and evaluating the WKB equation. Based on the inspection of the projected frequencies along the minimum energy path, we used vibrational mode #4 (1332 cm -1 ) as the reactive mode for tunnelling computations in the reaction of 7t → 8. Figure S33 because one specific frequency corresponding to the reaction mode has been projected out at all points along the IRP. Figure S34 because one specific frequency corresponding to the reaction mode has been projected out at all points along the IRP. 
Polyrate Tunnelling Computations
Instanton Tunnelling Computations
NBO Analysis
All natural bond orbitals (NBOs) were computed with the HF/6-311++G(2d,2p) level of theory based on AE-CCSD(T)/cc-pCVQZ optimized structures. 
AE-CCSD(T)/cc-pCVQZ optimized structures (distances in bohr), electronic energies and zero-point vibrational energies (ZPVE).
trans-Cyanohydroxycarbene 7t (Cs) 
